
The present study detd. the influence of a retinoid X receptor agonist bexarotene on angiogenesis and metastasis in solid tumors.  In 
the exptl. lung metastasis xenograft models, treatment with bexarotene inhibited the development of the lung tumor nodule formation 
compared to control.  In vivo angiogenesis assay utilizing gelfoam sponges, bexarotene reduced angiogenesis in sponges contg. 
vascular endothelial growth factor, epidermal growth factor and basic fibroblast growth factor to various extent.  To det. the basis of 
these observations, human breast and non-small-cell lung cancer cells were subjected to migration and invasion assays in the 
presence of bexarotene.  Our data showed that bexarotene decrease migration and invasiveness of tumor cells in a dose-dependent 
manner.  Furthermore, bexarotene inhibited angiogenesis by directly inhibiting human umbilical vein endothelial cell growth and 
indirectly inhibiting tumor cell-mediated migration of human umbilical vein endothelial cells through Matrigel matrix.  Anal. of 
tumor-conditioned medium indicated that bexarotene decreased the secretion of angiogenic factors and matrix metalloproteinases and 
increased the tissue inhibitor of matrix metalloproteinases.  The ability of bexarotene to inhibit angiogenesis and metastasis was 
dependent on activation of its heterodimerization partner peroxisome proliferator-activated receptor γ.  Collectively, our results suggest 
a role of bexarotene in treatment of angiogenesis and metastasis in solid tumors.
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PURPOSE: Anaplastic thyroid carcinoma is rare, yet lethal despite aggressive therapy.  Mol. targeting may be beneficial using the 
rexinoid LGD1069, a retinoid X receptor-selective agonist, as a novel treatment.  In this report, we describe the efficacy of LGD1069 in 
anaplastic thyroid carcinoma in vitro and assess the in vivo treatment effects on a responsive cancer.  Addnl., we explore potential 
mediators of the rexinoid effect on a responsive anaplastic thyroid cancer using comparative microarray anal.  Exptl. Design: 
Anaplastic thyroid cancer cell lines DRO, ARO, and FRO were treated with LGD1069 in vitro.  Responsive DRO xenograft tumors were 
treated with control chow or chow contg. a low dose (30 mg/kg/d) or a high dose (100 mg/kg/d) of LGD1069.  Comparative microarray 
anal. of DRO cells treated with LGD1069 compared with vol.-equiv. control was assessed after 24 h of treatment to evaluate early 
gene expression changes.  RESULTS: DRO xenograft tumor growth was inhibited by LGD1069 treatment in a dose-dependent manner.  
Comparative microarray anal. showed that 80 genes had a significant increase in expression and 29 genes had a decrease in 
expression after 24 h of treatment with LGD1069.  Expression of angiopoietin-like 4 (ANGPTL4) mRNA was increased 6.5-fold.  A trend 
towards an increase in ANGPTL4 mRNA (not statistically significant) was seen in treated tumors in vivo and this correlated with 
decreased tumor vascularity and increased necrosis.  CONCLUSIONS: LGD1069 therapy decreases proliferation in an anaplastic 
thyroid cancer cell line that expresses retinoid X receptor-γ, and this effect is confirmed with decreased tumor size in vivo in a nude 
mouse model.  ANGPTL4 is increased in DRO in response to LGD1069 and may be a potential mediator of the effects of rexinoid 
treatment.
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Acquired drug resistance is a major obstacle in cancer therapy.  As for many other drugs, this is also the case for 
gemcitabine, a nucleoside analogue with activity against non-small cell lung cancer (NSCLC).  Here, we evaluate the 
ability of bexarotene to modulate the acquisition and maintenance of gemcitabine resistance in Calu3 NSCLC models.  In 
the prevention model, Calu3 cells treated repeatedly with gemcitabine alone gradually developed resistance.  However, 
with inclusion of bexarotene, the cells remained chemosensitive.  RNA analysis showed a strong increase of rrm1 
(ribonucleotide reductase M1) expression in the resistant cells (Calu3-GemR), a gene known to be involved in gemcitabine 
resistance.  In addition, the expression of genes surrounding the chromosomal location of rrm1 was increased, suggesting 
that resistance was due to gene amplification at the chr11 p15.5 locus.  Analysis of genomic DNA confirmed that the 
rrm1 gene copy number was increased over 10-fold.  Correspondingly, fluorescence in situ hybridization analysis of 
metaphase chromosomes showed an intrachromosomal amplification of the rrm1 locus.  In the therapeutic model, 
bexarotene gradually resensitized Calu3-GemR cells to gemcitabine, reaching parental drug sensitivity after 10 treatment 
cycles.  This was associated with a loss in rrm1 amplification.  Corresponding with the in vitro data, xenograft tumors 
generated from the resistant cells did not respond to gemcitabine but were growth inhibited when bexarotene was added to 
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Paclitaxel is an important anticancer agent for the treatment of non-small cell lung cancer (NSCLC).  However, its use in cancer 
therapy is limited by development of acquired drug resistance.  The goal of this study was to det. the effect of bexarotene on 
development of acquired paclitaxel resistance in NSCLC.  Human NSCLC Calu3 cells were repeatedly treated in culture with 
intermittent paclitaxel alone or in combination with continuous bexarotene for 3 mo.  Thereafter, cells were isolated and characterized 
for their drug sensitivity in vitro and in vivo.  Repeat exposure to paclitaxel alone resulted in development of paclitaxel resistance with 
cross-resistance to multidrug resistance P-glycoprotein substrates, whereas the bexarotene/paclitaxel combination prevented the 
development of drug resistance and the cells remained chemosensitive.  Furthermore, paclitaxel resistance could be overcome when 
the resistant cells were treated with the combination regimen.  Fluctuation anal. showed that treatment with bexarotene decreased the 
rate of spontaneous development of paclitaxel resistance.  In vivo, the bexarotene/paclitaxel combination regimen produced a 
statistically significant decrease in tumor growth in a Calu3 NSCLC xenograft model compared with the single agents (two-tailed, P < 
0.05).  In addn., paclitaxel-resistant Calu3 tumors treated with the bexarotene/paclitaxel combination showed greater delay in tumor 
growth compared with those treated with paclitaxel alone.  Our results suggest that bexarotene may offer a novel approach to prevent 
and overcome paclitaxel resistance in patients with NSCLC.
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Retinoids have been found to be promising chemopreventive agents that play an important role in regulating cell growth, 
differentiation, and apoptosis.  The action of retinoids is mediated by retinoid receptors (retinoic acid receptors and 
retinoid X receptors), which are nuclear transcription factors that, when bound to retinoids, regulate gene expression.  
LGD1069 is a highly selective RXR agonist that has reduced toxicity compared with retinoids.  Our previous studies have 
shown that RXR-selective ligands (or "rexinoids"), including LGD1069, can inhibit the growth of normal and malignant 
breast cells and can suppress the development of breast cancer in transgenic mice.  For the current study, we attempted 
to identify biomarkers of the chemopreventive effect of the RXR-selective retinoid LGD1069.  In these experiments, we 
used Affymetrix microarrays to identify target genes that were modulated by LGD1069 in normal human breast cells.  
Affymetrix and dChip analysis identified more than 100 genes that were up-regulated or down-regulated by LGD1069 
treatment.  We then tested 16 of these genes in validation experiments using quantitative reverse transcription-PCR and 
Western blotting of independently prepared samples, and found that 15 of 16 genes were modulated in a similar manner in 
these validation experiments as in the microarray experiments.  Genes found to be regulated include known 
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The present study determined the influence of a retinoid X receptor agonist LGD1069 on angiogenesis in non-small cell 
lung cancer.  In A549 xenograft models, treatment with LGD1069 inhibited the growth and CD31 expression compared with 
control.  In vivo angiogenesis assay utilizing hollow fiber, LGD1069 reduced density of capillary network induced by tumor 
cells.  To determine the basis of these observations, we examined the expression of VEGF and activation of JNK and 
ERK in A549 cells exposed to LGD1069.  Our data showed that LGD1069 decrease the VEGF expression of tumor cells in 
a dose-dependent manner.  Furthermore, it was demonstrated that the decreasing expression of VEGF was consist with 
inhibition of JNK and ERK activation induced by LGD1069.  Collectively, our results suggest a role of LGD1069 in 
treatment for non-small cell lung cancer by inhibition of tumor-induced angiogenesis.
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the cytotoxic agent.  The data indicate that bexarotene can resensitize gemcitabine-resistant tumor cells by reversing 
gene amplification.  This suggests that bexarotene may have clinical utility in cancers where drug resistance by gene 
amplification is a major obstacle to successful therapy.

20 August 2008 Page: 3SciFinder



 
Answer 9:

BACKGROUND: We previously reported that a retinoid X receptor agonist bexarotene prevented and overcame acquired 
drug resistance in advanced breast cancer and non-small cell lung cancer.  The present study was to evaluate the effect 
of bexarotene on the development of multidrug resistance in advanced prostate cancer.  METHODS: Human prostate 
cancer cells PC3 were repeatedly treated in culture with paclitaxel, doxorubicin, or cisplatin with or without bexarotene for 3 
months.  Thereafter, cells were isolated and characterized for their drug sensitivity.  RESULTS: Compared to parental 
cells, cells treated with a single therapeutic agent was resistant to the therapeutic agent, whereas cells treated with the 
combination remained chemosensitive.  Cells with acquired drug resistance showed increased sensitivity to the cytotoxic 
agent when treated with the combination.  Fluctuation analysis demonstrated that treatment with bexarotene decreased the 
rate of spontaneous development of drug resistance.  These in vitro findings were further confirmed in the PC3 xenograft 
model.  CONCLUSION: Our results suggest a role of bexarotene in combination with chemotherapeutic agents in 
prevention and overcoming acquired drug resistance in advanced prostate cancer.  Copyright (c) 2005 Wiley-Liss, Inc.
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This study evaluated the anti-tumor efficacy of combining the RXR agonist, bexarotene, with the PPARgamma agonist, 
rosiglitazone, in colon cancer.  Moser, a human colon cancer cell line, was treated with bexarotene and rosiglitazone alone 
or in combination and the effect on growth and differentiation were examined.  The data demonstrated that the 
bexarotene/rosiglitazone combination produced greater efficacy in growth inhibition than either single agent.  Furthermore, 
combination treatment acted cooperatively to decrease COX-2 expression and PGE2 synthesis while increasing 
expression of the differentiation marker, CEA.  These findings were confirmed in vivo in a Moser xenograft tumor model.  
Collectively, our data suggest a potential role for utilizing a combination regimen of a RXR and PPARgamma agonist in 
the treatment of colon cancer.
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retinoid-regulated genes, growth regulatory genes, transcription factors, and differentiation markers.  We then showed that 
the expression of several of these rexinoid-regulated biomarkers is modulated in vivo in mammary glands from mice 
treated with LGD1069.  These critical growth-regulating proteins will be promising targets of future agents for the 
prevention and treatment of breast cancer.
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Acquired drug resistance represents a major challenge in the therapeutic management of breast cancer patients.  We 
reported previously that the retinoid X receptor-selective agonist bexarotene (LGD1069, Targretin) was efficacious in 
treating animal models of tamoxifen-resistant breast cancer.  The goal of this study was to evaluate the effect of 
bexarotene on development of acquired drug resistance and its role in overcoming acquired drug resistance in advanced 
breast cancer.  Paclitaxel, doxorubicin, and cisplatin were chosen as model compounds to determine the effect of 
bexarotene on the development of acquired drug resistance.  Human breast cancer cells MDA-MB-231 were repeatedly 
treated in culture with a given therapeutic agent with or without bexarotene for 3 months.  Thereafter, cells were isolated 
and characterized for their drug sensitivity.  Compared with parental cells, cells treated with a single therapeutic agent 
became resistant to the therapeutic agent, whereas cells treated with the bexarotene combination remained 
chemosensitive.  Cells with acquired drug resistance, when treated with the combination, showed increased sensitivity to 
the cytotoxic agent.  Furthermore, cells treated with the combination regimen had reduced invasiveness and angiogenic 
potential than their resistant counterparts.  These in vitro findings were further confirmed in an in vivo MDA-MB-231 
xenograft model.  Our results suggest a role for bexarotene in combination with chemotherapeutic agents in prevention 
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This study was designed to evaluate, using preclinical models of non-small cell lung cancer (NSCLC), the growth inhibitory 
effects of the retinoid X receptor (RXR) agonist bexarotene (LGD1069, Targretin) in combination with cytotoxic agents 
currently used as standard first-line therapy in advanced disease.  Although single-agent bexarotene had modest growth 
inhibitory effects in several cell lines, efficacy was observed only in the micromolar range (>1muM), which approximates 
the plasma C(max) measured in pharmacokinetic studies in patients.  However, when combined with paclitaxel or 
vinorelbine, bexarotene produced a concentration-dependent enhancement of the growth inhibitory activities of paclitaxel 
and vinorelbine.  Formal synergy analysis using the Calu3 cell line demonstrated that the combination of bexarotene with 
either cytotoxic agent produced synergistic activity (combination index, CI<1).  The in vitro observations were confirmed 
in vivo in a NSCLC xenograft tumor model (Calu3), where both bexarotene/paclitaxel and bexarotene/vinorelbine 
combinations produced significantly greater antitumor effects than the single agents.  These results demonstrate that 
bexarotene can cooperate with widely used cytotoxic agents to decrease the growth of NSCLC tumor cells both in vitro 
and in vivo, and suggest the potential benefit of adding a RXR-selective agonist in combination with chemotherapy for 
NSCLC treatment.  Furthermore, the data support the clinical observation from phase I/IIa trials suggesting that 
bexarotene has beneficial effects on survival when used in combination with cytotoxic agents in advanced NSCLC.
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Clinical studies have demonstrated that retinoids, including retinol (Vitamin A) and its synthetic derivatives, can eradicate 
leukoplakia and suppress the formation of squamous cell carcinoma of the head and neck (SCCHN).  Nonselective 
retinoids have been shown to abrogate transcriptional activation of transforming growth factor-alpha (TGF-alpha) and 
epidermal growth factor receptor (EGFR), which characterize SCCHN.  LGD1069 (Targretin) is a potent RXR-selective 
retinoic acid agonist with a reduced toxicity profile compared with other nonselective retinoids.  We examined the effect 
of LGD1069 (10 microm) on cellular proliferation and expression of putative intermediate biomarker genes including 
TGF-alpha, EGFR, and RAR-beta in seven SCCHN cell lines.  A quantitative reverse transcription-PCR assay using a 
novel "primer dropping" method was used to determine expression levels of EGFR, TGF-alpha, and RAR-beta before and 
after treatment with LGD1069 (10 microM).  SCCHN proliferation was reduced by a mean of 50% at 4 days in seven 
SCCHN cell lines after LGD1069 treatment (P < or = 0.05).  EGFR expression levels were decreased by a mean of 58.4% 
(P = 0.007), TGF-alpha levels were decreased by a mean of 28.8% (P = 0.01), and RAR-beta levels were increased by a 
mean of 60% (P = 0.03).  TGF-alpha stimulation of EGFR is associated with constitutive signal transducer and activator 
of transcription 3 (Stat3) activation in SCCHN.  Abrogation of constitutive Stat3 activation was seen with LGD1069 
treatment.  These results suggest that an RXR-selective retinoic acid decreases SCCHN proliferation in part by interfering 
with TGF-alpha/EGFR autocrine signaling.
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and overcoming acquired drug resistance in advanced breast carcinoma.
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